Aim: This study aimed to determine whether PRP in adjunction of arthroscopic acromioplasty was effective for rotator cuff tendinopathie (RCT).
Introduction
Rotator cuff tendinopathie (RCT), also referred to as "shoulder impingement syndrome (SIS)", is the most common pathology encountered in the shoulder [1] . RCT causes pain and limits patients' movements, thereby preventing activities of daily living and often resulting in time away from work [2] . The prevalence of shoulder conditions increases with age over 50 years. RCT is believed to originate from extrinsic causes, intrinsic causes, or a combination of both. Extrinsic causes, which result in compression of the rotator cuff tendons and surrounding tissues, include anatomical variants of the acromion, a thickened coracoacromial ligament, subacromial bursitis, or postural abnormalities [3, 4] . Intrinsic causes are associated with degeneration of the rotator cuff tendons and include age-related degeneration that may vary in severity according to genetic predisposition, a deficient vascular supply, a history of intensive work [5] or tobacco [6] . The diagnosis of SIS is usually based on the patient's history and on clinical exam such as the impingement tests. The first line of treatment for RCT is conservative management, which may involve any combination of the following: antiinflammatory medications, corticosteroid injections, or exercises. Surgery is indicated in patients in whom conservative treatment has failed and multiple surgical techniques exist. Acromioplasty, also referred to as "subacromial decompression", is a surgical technique described by Neer in 1972, and it is routinely used in the treatment of RCT today [3] . Over the time, surgical techniques have evolved from open procedures to arthroscopic, which avoid wide dissection and subsequent large scarring. Some authors claim that arthroscopic procedures allow for quicker operating times, better post-operative mobility, and less complications, whereas others believe that the two procedures are equivalent in terms of efficacy and quality of life.
The use of platelet-rich plasma (PRP) as a modern and attractive solution to improve rotator cuff tendon healing has gained popularity over the last several years. PRP, most simply defined as a sample of autologous blood with great concentrations of platelets, can be applied by direct injection to repaired tissues [7] . Early clinical evidence suggests that PRP improves pain and function outcomes in some tendinopathies compared to control injection [8] and baseline status [9] . This could be explained by the analgesic effect of the PRP via the Protease-activated receptors 4 (PAR4) peptides [10] . Although there is variability among different commercially available products, theβ1, platelet min growth factors in PRP are transforming growth factor -derived growth factor, vascular endothelial growth factor, hepatocyte growth factor, and insulin-like growth factor 1. These autologous growth factors may play a role in regeneration of tendon tissue through increased tendon cell proliferation, collagen synthesis, and vascularization. At present, there are ample in vitro and animal studies that have shown the positive effect of PRP on tendon collagen deposition and tendon vascularization.
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The goal of this study was to know if adjunction of PRP on an arthroscopic acromioplasty procedure might improve improves pain and function outcomes in some RCT who resisting to the conservative management.
Methods
A consecutive series of patients who underwent arthroscopic acromioplasty between 2008 and 2012 in Bichat Claude-Bernard hospital, were enrolled in the present comparative study.
The inclusion criteria were symptomatic patients with a SIS resisting to the conservative treatment with no transfixing RC tears confirmed by the IRM. Patients were excluded if they had transfixing rotator cuff tear, acromio-clavicular osteoarthritis, a history of shoulder surgery, and calcification of the RC. 53 patients met the inclusion criteria. The patients were separated in two groups and operated by the same surgeon: a group PRP of 24 patients were injected in the tendon with PRP in addition to the arthroscopic acromioplasty and a group control of 29 patients who underwent simple arthroscopic acromioplasty without injection of PRP. The two groups were similar in terms of epidemiologic and per operative data ( Table 1) . One patient of control group was lost. All patients of the study had a loyal explanation.
Surgical procedure
All the patients underwent the same surgical procedure with the same surgeon. All procedures were performed on patients in the beach-chair position under general anesthesia. A posterior portal was first established for initial assessment of the scapulohumeral joint, with completion during the procedure via 2 additional portals. During examination, osteoarthritis of scapulo-humeral joint, superficial RC tears and associated biceps tendon lesions were inspected carefully. Biceps' tenotomy was undertaken in case of lesion and simple debridement of a superficial RC tears in case of no transfixing RC lesions. The arthroscope was then moved from inside the shoulder joint to the subacromial space. Here the bursitis and area of impingement was viewed directly. The inflamed bursa was removed using an electro-cautery device that vaporizes the tissue. A 5 mm high-speed bur was then used to remove some bone from undersurface of the acromion to prevent impingement.
In PRP group, at the end of the procedure, the patients were injected with ACP. The autologous platelet-rich plasma was prepared with the ACP© Arthrex system with no adjuvant. Two syringes (10 ml) of peripheral venous blood were taken (usually at the ankle) at the end of the intervention. The blood sample was centrifuged for 5 minutes at 1500 revolutions per minute and the supernatant was collected for the surgical injection ( Figure 1 ). The injection was performed immediately after centrifugation for maximal efficiency. 10 cc syringes with a 21 gauge, 4 mm needle were used for the injection. The needle was introduced under arthroscopic guidance in the suprasupinatus' tendon. Once the needle was well positioned, all the portals were sutured except the one for the arthroscope and the irrigation of the arthroscopic pump was stopped to prevent any leaks and out-flow of the plasma. Several injections in different areas of the suprasupinatus' tendon were performed.
Post-operative protocol
The post-operative protocol was identical in both groups. An immediate post-operative phase in order to restore passive mobility with cryotherapy to control pain and swelling, a passive, activeassistive and/or active ROM to tolerance (pendulum, pulley and/or wand exercises in all planes of motion) and submaximal isometric strengthening exercises as tolerated. A second phase with joint mobilization and stretching exercises, tubing exercises, particularly for internal and external rotation with the arm at the side, flexion and abduction strengthening should be kept to less than 90 degree and peri-scapular stabilization exercises as tolerated. Full return to work was allowed after 4 weeks and to sport 2 month.
Patient follow-up and assessment
Each patient was evaluated at a preoperative clinical evaluation and at the last follow-up mean of 39 month. Final assessment was by using a Visual Analog score for pain (VAS) [11] , Constant score [12] and the quick DASH score [13] . The Constant is a subjective and objective score who was calculated following a detailed physical examination in a standardized fashion. The quick DASH and VAS are subjective scores and were completed by the patients. Return to sports activities and return to work were evaluated.
In addition to these measures, all local or general complications during the operative or follow-up phases were recorded. The same single operator performed all clinical follow-ups. A VAS <5 points and/or necessity to start again a medical treatment after surgery was consider as fail surgery.
Statistical analysis
The data were analyzed by Stata 1.3 software (StataCorp LP, Texas, USA). We tested differences between the treatment and control group for continuous variables with a Student t test and for categorical variables with a X2 test. Significance was set at p<0.05.
Results
Pain result
Mean follow-up at the time of pain evaluation was 37,3 months (±9,1) for PRP group and 41,4 months (± 10,2) for control group.
Two patients in the control group needed to start a medical treatment after surgery with one infiltration and corticosteroids. It was called algodystrphic syndrome but with no radiologic proof. It was considering like a fail of acromioplasty There was a significant difference for the two group between pre and post operative for pain scale (Table 2 ). There was statistical difference of the last follow-up between the two groups for the pain evaluated by VAS. The mean VAS at last follow-up was 1,17 (±1,27) for PRP vs 2,5 (±1,69) for control group (p=0,002) ( Table 3) . We found a reduction of 3 (±2,4) points on a 0-10 VAS scale in PRP group.
Functional results
Even there was a significant difference for the two group between pre and post operative for functional score ( Even for the return to spot and to work activities there was no statistical difference at the last follow-up between the two groups.
Complications
In both groups no complication had been found.
Discussion
The SIS is a frequently report shoulder complaints [14] . Currently there is no review that solely concentrates on the effectiveness of interventions for SIS only. Autologous PRP is an attractive biologic strategy to augment tissue healing [15, 16] . The aim of the study was to evaluate if PRP injection after a simple a acromioplasty bursectomy improved functional and decrease pain in SIS The present study establish a significant difference between the two groups for the VAS score at last follow-up (p<0,01). But this study did not establish any significant difference between the two groups for the functional scores.
In the literature, the Effectiveness of surgical treatment for the SIS is not well demonstrates. Haahr in prospective randomized study of 90 patients found no differences between arthroscopic subacromial decompression and a graded physiotherapy strengthening program on the mean change in Constant score at 3, 6, and 12 months. Furthermore, there were no significant differences between the 2 treatment groups for pain score at 12 months, or between the Constant score (>80) at 12 months [17] . As well as this prospective study of 125 patients who reported no differences in median Neer score between surgery and an exercise program at 3-and 6-month follow-up. No differences in the median pain scores (pain on activity, pain at rest, and pain at night) were reported between surgery and nonoperative treatment. This results differ from our study with significant outcome for pain et function post operative for the two group of treatment [18] . For some author the acromioplasty is the only way to treat the impingement. Ellman in a retrospective study of 50 patients found good results for pain and function at 1 to 3 years follow-ups but with no significant results [19] . De Baere with a followup of 19 month found a significant improvement on Constant score on this retrospective study [20] . We found the same significant results with a greater follow-up in our study that confirms the efficiency of arthroscopic acromioplasty.
There is only study, analyzing effect of PRP in a SIS, it was a prospective open study with 1 year follow up evaluated by VAS pain score and functional shoulder tests assessing rotator cuff strength. Include Patients received one ultrasound-guided injection of 3.0 mL of 1% xylocaine followed by 3.5 mL of PRP at the lesion and surrounding tendon. A significant improvement of pain, function, was find in participants with refractory RCT [21] . It's a quiet interesting study but like our. Indeed, the beneficial effect of APC injections in tendon surgical repair has been shown in several studies, and could have potential applications in many fields in orthopedic surgery (Reconstruction of anterior cruciate ligament [22] , tendon surgery [23] , treatment of joint injuries [24] , tendinopathie or muscle tears).
Chahal realized a meta-analyze with 5 prospective study with 2 randomized [25] . The first one is a prospective randomized level one study, comparing clinical outcomes when using or not PRP as a matrix. Small to moderate lesions were repaired with double row procedure, and Constant score and MRI were performed 20 months after surgery [26] . No difference was seen in any group regarding clinical result and imaging. Authors notified one failure of repair in PRP group vs. 4 in control group, but no statistically significant difference was seen. Randelli did compare two groups with or other with-out PRP injection during repair [27] . Clinical outcomes and MRI were performed at 24 months. At 3 months all scores are better in PRP group, but with time, no difference continues. Just like in the previous study, MRI demonstrated higher failure in control group, without clinical difference. The study of Barber a level 3 study, including two groups of 20 patients, found a benefit of PRP in clinical out-come [28] . MRI found also a higher re-tear rate in control group with a statistically significant difference. Jo study didn't find any statistically significant difference between two groups of patient operated of a cuff repair with or without PRP injection [29] . One more time it appears a lower re-tear occurrence in PRP group, without statistically significant difference. Bergeson analyzed the effect of RPR on challenging cuff repair, including patient exposed to rotator cuff repair failure (aged, fatty infiltration) [30] . One more time, independently of clinical outcomes, it appears that PRP statistically increases the healing rate. Those different studies are not directly comparable to our study but like those one we can conclude that PRP decrease pain level and in this study pain level decrease for a long time (3 years)
This study had several limitations. First of all, only a small number of patients were available for evaluation. The ideal dose of PRP to inject is as yet unknown, and no study makes it clear whether an activator is needed or not. The platelet concentration in the PRP varies greatly from person to person and is therefore expressed as a multiplication factor of the platelet concentration in native blood [31] . The ACP Arthrex double siring is not the most concentrated PRP, but it seems that there is an ideal platelet concentration above which there may be a deleterious effect of the PRP on tendon healing [32] . It appears also important to control the leukocyte concentration. Indeed, the leukocytes are involved in the catabolic signaling, and an excessive leukocyte concentration in the PRP could have a negative effect on tendon healing [33] . The ACP we used for this study has no leucocytes and does not require the adjunction of an activator.
Conclusions
It was the first single operator study that evaluated PRP effect for arthroscopic treatment of chronic shoulder impingement syndrome with a long follow-up and with clinical and functional criteria.
The results suggest that PRP optimize the pain relief of the subacromial decompression in SIS.
The findings of the present investigation support the assumption that PRP application can positively affect long-term results of patients SIS. Future investigations are needed to confirm and strengthen these results.
